Introduction {#sec0005}
============

The laboratory is a facilities for performing research and academic activities. The Occupational Safety and Health Administration (OSHA) has recorded several potential hazards in laboratories, including chemical, biological, physical, and safety hazards.[@bib0005]

Laboratory activities, such as academic and research activities, expose laboratory employees to potential hazards and increase the risk of incidents. In 2013, a study by OSHA indicated that an academic laboratory is 11 times more dangerous than a laboratory in the industrial sector.[@bib0010]

Fire and explosion incidents caused by the use of chemicals are among the incidents that may occur in academic laboratories. The U.S. Chemical Safety Board has recorded several fire and explosion cases in academic laboratories that resulted in serious injuries when performing experiments with methanol. One incident occurred on September 3, 2014, at Terry Lee Wells Discovery Museum, Reno, Nevada, which injured 13 people and most were children. Another case occurred on October 20, 2014 in Raymound, Illinois, that injured three groups of students and one adult due to the fire caused by a methanol experiment.[@bib0015] The National Fire Protection Association (NFPA) has recorded that from 2000 to 2015, tens of students experienced burns due to the experiments they performed in the lab.[@bib0020] The NFPA also recorded several incidents, such as the one in 2006 where three students in Ohio were injured when the methanol they were using for an experiment exploded. Another incident happened in 2011, when four students in Minnesota were burnt by chemicals.[@bib0020]

Other incidents that may occur in laboratory are caused by biological hazards. In 1976, Pike stated there were at least 173 deaths were caused by infection in laboratories.[@bib0025] A case from November 2003 was recorded in Singapore, when a microbiology post-graduate student became infected by a West Nile virus culture he was using, which was also contaminated by the SARS corona virus.[@bib0025]

Occupational accidents have occurred in universities in Indonesia, namely, laboratory (2015) and fire (2017) incidents. Those incidents created substantial negative effects, including negative financial negative effects because of damages to facilities, health effects in the form of morbidity (i.e., starting from mild to serious and even death), environmental effects (i.e., pollution), and degrading the image of the university.[@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060] Therefore, to prevent incidents in laboratories, formulating and implementing a management system that manages risks to prevent or minimize incidents is necessary. The management system that manages risk in laboratories in the field of occupational health, prevention of occupational diseases, and protection of environment is called the Laboratory Occupational Health, Safety, and Environment Management System, or laboratory OHSEMS. Laboratory OHSEMS involves all elements, including the management, staff, students, and work environment, that are integrated to achieve a laboratory that is a safe, efficient, and productive learning facility.[@bib0065], [@bib0070], [@bib0075], [@bib0080], [@bib0085], [@bib0090]

Higher education institutions have a commitment to implement the aspect of occupational health, safety, and environment (OHSE) in all activities. To support this commitment, higher education institutions have guidelines and manuals regarding safety applicable to the activities performed in its vicinity. One set of safety guidelines outlines laboratory safety to decrease or prevent incidents in the laboratory.

Laboratories host complex activities that include activities related to various research and student activities. A laboratory may include workstations and be a facility for research that involves humans, microorganisms, plants, animals, and nanoparticles. A laboratory may also host activities that could trigger fires and explosions. Various hazards, such as chemical, biological, physical, and ergonomic hazards, also found in laboratories, increase the risk of incidents. Additionally, high-value strategic assets like human resources, facilities, and infrastructures require protection; hence, it is critical that the OHSEMS be formulated, implemented, and continually improved to achieve the best results possible. This study aims to evaluate the implementation of the OHSEMS in higher education institution laboratories by using the higher education institution OHSE implementation standard guideline ([Table 1](#tbl0005){ref-type="table"} ).Table 1OHSEMS Compliance in Each Laboratory.Table 1Laboratory NumberOHSEMS Compliance (%)192239316436588657728858945104211561271137214721568166117631878197320592163227323842467257426752761285829683065315232483351347035223679374838273946404041404251437044824556462647364824494250255153524253205467557156355766584959436053615262556353645765516641674468416967706071607264736774547560766077357829794380388142825983438443855986748755885889449057**Average OHSEMS compliance54%**

Methods {#sec0010}
=======

This study was a semiquantitative descriptive study using direct observation, interviews, and document studies performed during the period of April--May 2016. The aim of this study was to understand the compliance with OHSEMS in each laboratory. More specifically, the compliance in five aspects of the OHSEMS: OHSE policy and commitment, planning, implementation, evaluation, and management review. The results of study the were compared with the laboratory OHSEMS standards that were divided into three categories of OHSEMS achievement in laboratory: \>70%, 50--70%, and \<50%.

The laboratory OHSEMS inspections were performed in 90 laboratories in seven faculties: Faculty A (Engineering), B (Science), C (Medicine), D, E, F, and G (Health). The informants interviewed were the head of laboratory, laboratory technicians, a laboratory technician assistant, and students. Two types of data were collected: primary and secondary data. The primary data collection was performed through direct observation by using a checklist on the implementation of laboratory OHSE management system implementation and collecting information from resource persons/informants on the evaluation of the higher education institution laboratory OHSE management system through interviews. The secondary data were collected to review the documents related to the laboratory OHSE management system implementation.

Results and discussion {#sec0015}
======================

The results of the evaluation on the OHSEMS in higher education institution laboratories is presented in the form of compliance with the OHSEMS in each laboratory and each aspect of the OHSEMS. [Figure 1](#fig0005){ref-type="fig"} presents the distribution data of the number of laboratories studied in each faculty. [Figure 2](#fig0010){ref-type="fig"} presents data on total compliance with the OHSEMS of each laboratory. [Figure 3](#fig0015){ref-type="fig"} presents the distribution of OHSEMS compliance. [Figure 4](#fig0020){ref-type="fig"} shows the compliance with each aspect of OHSEMS in each laboratory. [Figure 5](#fig0025){ref-type="fig"} presents the data on compliance with each OHSEMS aspect.Figure 1Diagram of the Distribution of the Number of Laboratories in Each Faculty A: Engineering, B: Science, C: Medicine, D, E, F & G: Health.Figure 1Figure 2Chart on Total OHSEMS Compliance in Each Laboratory.Figure 2Figure 3Distribution of OHSEMS Compliance in Laboratories.Figure 3Figure 4Compliance to Laboratory OHSEMS Aspects of Each Faculty.Figure 4Figure 5Compliance to the Aspects of Laboratory OHSEMS.Figure 5

OHSE Policy and Commitment {#sec0020}
--------------------------

The level of compliance for OHSE policies and commitment was 59.4%, that is, 54 laboratories have already implemented policies and commitments related to OHSEMS in laboratory. This result is supported by the formulation of OHSE policies, commitments of all the laboratories, communication of the policies, and commitments to all laboratory users signed by the top management position responsible for the laboratory OHSEMS. This is aligned with previous study related to chemical safety and security in laboratory, that laboratory policy plays important role for OHSE implementation.[@bib0090]

Planning {#sec0025}
--------

The planning aspect comprises the following elements: (i) hazard identification, risk assessment, and determining control (HIRADC); (ii) legal and other requirements; and the availability of (iii) programs related to OHSE in laboratory. HIRADC is a stage that provides overall information on potential hazards, risk probability, and related controls of a laboratory area. The head of laboratory, laboratory technicians, and students must perform HIRADC and document the result before starting their experiment. After HIRADC is performed, legal and other requirements should simultaneously be considered when developing a work plan; then, each laboratory has a different work plan depending on its potential hazards to protect those who work in and are in contact with the laboratory.

The higher education institution at the study location complies with the planning aspect of 33%, that is, as many as 30 laboratories have performed OHSE planning in the laboratory. Improvement is required in the other 60 laboratories (57%) to implement planning, that is, disseminate the importance of creating the HIRADC, the standard for HIRADC document formulation, and the regulations owned by the institution related to the aspects of OHSE in laboratory.

Implementation {#sec0030}
--------------

The implementation aspect comprises the availability of (i) resources, roles, and responsibility, accountability, and authority; (ii) awareness improvement, competency improvement, and training; (iii) communication, participation, and consultation; (iv) documentation and document control; (v) operational control; and (vi) emergency situation preparation. The compliance with this aspect is 65.3%, or 59 laboratories have complied to this aspect.

The availability of human resources responsible for safety, health, and environment in the laboratories is identified in most laboratories in this higher education institution. The human resources are available at the faculty, department, and laboratory levels. The availability of human resources guarantees an optimal chance of implementation of OHSE in the laboratory.[@bib0090]

Improved awareness, competency and training includes training associated with specific potential hazards in each laboratory, such as chemical hazards, bio risk management, radiation safety, and training on how to develop documents related to laboratory OHSE. This training can be online or face-to-face. Most laboratories in this higher education institution have complied with this element.[@bib0090]

The element of communication, participation, and consultation is the element that requires communication as part of laboratory participation, internally and externally, in a laboratory committee that discusses all aspects related to OHSE in laboratories. This objective of this element is to optimize the performance of OHSE. Most laboratories in this higher education institution must implement this element.

In terms of OHSEMS documentation, most laboratories in this higher education institution have an OHSE guideline, standard operating procedures (SOPs), and OHSE work instructions that are easily accessible to the laboratory users to guarantee an effective planning, operation, and control process in OHSE risk management.

The operational control element, such as for the facilities and infrastructure of the laboratory, has complied with the standards applicable in this higher education institution, for example, the availability of safety washer and eye washer for first aid in the event of an occupational accident in the laboratory. The chemicals are stored according to their type. The flammable and corrosive chemicals are stored in a cabinet specifically made for flammable and corrosive chemicals according to the standard applicable in the higher education institution. The hazard communication is performed by posting safety signs about topics such as the use of personal protective equipment and prohibition to eat and drink, and hazard signs on all laboratory equipment. To handle electricity hazards, all electric devices and instruments in the laboratories are already grounded to prevent electrocution and fire.

The preparedness and emergency response facilities available in laboratories include fire extinguishers for fire emergency response procedures. Well-maintained spill kits are also available to handle chemical spills. The waste produced by laboratories has already been segregated, labeled, and stored according to type and then disposed of by a third party to prevent environmental pollution in the higher education institution area. Similar best practices have been previously observed in chemical safety and security baseline study.[@bib0090]

Evaluation {#sec0035}
----------

The compliance with the laboratory OHSE evaluation aspect is 26%. This aspect in the OHSE evaluation comprises three elements: (i) performance measurement and monitoring; (ii) incident investigation, improvement action, and prevention; and (iii) laboratory internal audit. The laboratories in the higher education institution perform performance measurements on the compliance with OHSE in each laboratory and evaluate the results to improve performance in OHSE. Incident investigation and internal audit activities are performed based on the incident reporting and investigation SOPs of the higher education OHSE Technical Implementing Unit. The results of the investigation are reported to the unit and documented for evaluation and to comply with the regulation.

Management Review {#sec0040}
-----------------

The compliance with the OHSE management review aspect in the higher education institution laboratories is 0%, that is, no laboratory performs management reviews. Overall, each laboratory has not applied the OHSEMS review due to the insufficient resources to manage OHSE in laboratories. The higher education institution should consider performing management reviews to ensure the OHSEMS has been implemented according to plan; then, if a deviation is observed, action can be immediately to make improvements.

Conclusion {#sec0045}
==========

The OHSEMS has been implemented in all laboratories in this higher education institution. As many as 15 laboratories (17%) have complied with more than 70% of the OHSEMS standards, and 35 laboratories (39%) have complied with 50%--70% of the standards. A strong policy and commitment aspect are already available in all laboratories in this higher education institution. Notably, several aspects should be improved, including the planning aspect, specifically the HIRADC element, and all elements of evaluation and management review.
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